Appendix

Equations and Parameters for Model Simulations
Goforth et al, J. Gen. Physiol. 120(3):307-322, 2002

Model I (no subspace; Fig. 6)

Units:
Conductances pS
Currents fA
Ca concentrations | uM
Time ms
Capacitance fF
Differential Equations:
dv
Cm% = —lca — Ixv — Ixatp — Ixca — Ireax (1)
dn Neo(V) — 1
2 e\ 2
dt ™ (2)
de
i fovr (—alca — Jpmca — Jserca + JRELEASE) (3)
de V.
N (o aiil (JsercA — JRELEASE) (4)
dt VeR

(For voltage-clamp protocol, equation for V' is replaced by a given function
of time.)

Initial Conditions:

v —65.0
n 0.0001
c 0.014
CER 110.0




Ionic Currents:

[Ca
]KCa

IKATP

]Lam

where:

and parameters are:

gcaMeo(V)(V — vca)
gxcaw (v — vk )
gKATP(U - UK)
gxn(v — vK)

gLeak(l’__ ULeak)

oo

1+ exp((vn — v)/sn)

1+ exp((vm — v)/5m)

1+ Kj

for I,:

Jkv | 2500
VK —70
v, | —15
Sn | 5.6

T 11.1

for Ic,:

gca 1200
VCa 30
Um | —15




for Ixca:

gxca | 800
Ky 106
q )
for [Leak:
JLeak 15
ULeak —30
for IKATP .

JKATP m

Calcium fluxes: (uM ms™!)

Jpmca = kpmca ¢
Jserca = Kkserca €
JrRELEASE = DER (CER — C)

with rates: (ms™! )
PER 0.0001
kpmca | 0.08
ksgrca | 0.08

and buffer parameters*:

foyr | 0.01
fer | 0.005




*(dimensionless fraction of calcium that is free in each compartment)

Volume ratios:

Vevr
Ver

= 25.0 (16)

Miscellaneous:
Unit Conversion for ICa (converts fA to uM ms™t ):

1

T 2 FVoyr

=4.5x107%uM fA™! ms™!

Here 2 is the valence of calcium; F' is Faraday’s constant; and Viyr is the
volume of the cytosol.
Capacitance: C,, = 5300 {F

To simulate delay in effect of thapsigargin do:

ksgrca = kSpnca - €xp(—(t — truap)/TSERCA)

where: k§Egica = 0.08, Tsgrea = 60000, and trpap = time that thapsigargin
was added.

Output functions:

Itor = (Ica + Ix + Ixkatp + Ikca + ILeak) - 0.001pA



Differential Equations:

di)
dt
dn

dt
de

dt
dcgr

dt
dess
dt

Cm

Ionic Currents:

Model II (subspace; Figs. 7-9)

_]Ca - IKV - IKATP - IKCa - ILeak
Neo(V) — 1

Tn

fovr (—adca — Jpvca — Jserea + Jx)

"
fer < ‘;YT JsERCA — JRELEASE)
ER

Vi 1%
[fss (VZSJRELEASE - ‘(;SZT JX)

Initial Conditions:

Fig. 7 | Fig. 8 | Fig. 9

V —65.0 | —=56.0 | —35.0
0.0001 | 0.0006 | 0.017
c 0.027 | 0.44 0.14
cgr | 111.17 | 60.0 0.14
Css 0.29 0.33 0.14

3

(Same as Model I except Ikc, depends on css)

where:

Ica = gcamoo(v)(v — vea)
Ixca = grcaw(v — vk)
Ixatp = grarp(v — k)
Ixy = gxn(v—vk)
Tiecak = GLeak(V — VLeak)
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w(css) 88 (29)

q q
css + K

Parameters:
(bold denotes changes from Model I or preceding figure.)

for Ii,:
kv | 2500
VK —70
v, | —1b
Sn | 5.6
T, | 10.8
for Icy:
gca | 1450
VCa 30
Um | —13
Sm | 8
for Ixca:
gKca | 1200
K; | 0.7 (reduced to 0.2 in Fig. 9b)
q 8
for Ireqr:
GJLeak 14
VLeak —30




for IKATP:

Calcium fluxes: (uM ms™1)

Jpvca = kpmca ¢
Jserca = Kkserca €
JrELEASE = DER (CER — CS8)

Jx = px (css—c)

with rates: (ms™1)

Fig. 7 | Fig. 8 | Fig. 9
Px 0.025 | 0.025 0.025
DPER 0.0015 | 0.0030 | 0.0030
kpmca | 0.18 0.12 0.12
ksgrca | 0.1 0.1 0.0

*(dimensionless fraction of calcium that is free in each compartment)

Volume ratios:

and buffer parameters*:

feyr | 0.01
fer | 0.005
fss | 0.04

VER
Vss
Vevr
Vss
Vevr
VER
Vss

Vevr

0.1

2.5

25.0

04

(34)
(35)
(36)

(37)



Miscellaneous:
(Same as Model 1.)

Unit Conversion for ICa (converts fA to uM ms™ ):

1
~ 2FVoyr

o =4.5x107%uM fA™! ms™!
Here 2 is the valence of calcium; F' is Faraday’s constant; and Viyr is the

volume of the cytosol.
Capacitance: C,, = 5300

To simulate delay in effect of thapsigargin do:
(Same as Model I.)

kserca = kgpnca - exp(—(t — ttaap)/TsErcA)

max

where: kgiRca = 0.1, Tsgrca = 30000, and trpap = time that thapsigargin
was added.

Output functions:
(Same as Model I, except for additional output function, cayvg.)

Itor = (Ica + Ix + Ixatp + Tkca + Ireak) - 0.001pA

Vasess + Veyre
Vss + Veyr

CAVG =



